The mechanisms leading to neurodegeneration in ALS (amyotrophic lateral sclerosis) are not well understood, but cytosolic protein aggregates appear to be common in sporadic and familial ALS as well as transgenic mouse models expressing mutant Cu/Zn superoxide dismutase (SOD1). In this study, we systematically evaluated the presence of these aggregates in three different mouse models (G93A, G85R, and G37R SOD1) and compared these aggregates to those seen in cases of sporadic and familial ALS. Inclusions and loss of motor neurons were observed in spinal cords of all of these three mutant transgenic lines. Since a copper-mediated toxicity hypothesis has been proposed to explain the cytotoxic gain-of-function of mutant SOD1, we sought to determine the involvement of the copper chaperone for SOD1 (CCS) in the formation of protein aggregates. Although all aggregates contained CCS, SOD1 was not uniformly found in the inclusions. Similarly, CCS-positive skein-like inclusions were rarely seen in ALS neurons. These studies do not provide strong evidence for a causal role of CCS in aggregate formation, but they do suggest that protein aggregation is a common event in all animal models of the disease. Selected proteins, such as the glutamate transporter GLT-1, were not typically observed within the inclusions. Most inclusions were positively stained with antibodies recognizing ubiquitin, proteasome, Hsc70 in transgenic lines, and some Hsc70-positive inclusions were detected in sporadic ALS cases. Overall, these observations suggest that inclusions might be sequestered into ubiquitin-proteasome pathway and some chaperone proteins such as Hsc70 may be involved in formation and/or degradation of these inclusions.
INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a motor neuron disease characterized by selective degeneration of motor neurons in the spinal cord, brainstem and motor cortex. Approximately 5-10% of ALS is familial, with more than 90 mutations of copper/zinc superoxide dismutase (SOD1) identified (Deng et al., 1993; Rosen et al., 1993) . The neurotoxicity associated with mutant SOD1 is not well understood, but is thought to occur by a "gain of toxic function," with several possible mechanisms postulated (Deng et al., 1993; Rosen et al., 1993; Gurney et al., 1994; Wong et al., 1995; Reaume et al., 1996) . Hyaline inclusions and proteinaceous cytoplasmic aggregates are observed in both familial and sporadic ALS cases. Moreover, the inclusions are very similar to those in mutant SOD1 transgenic ALS models (G93A and G85R lines) and could play an important role in development of ALS (Gurney et al., 1994; Dal Canto & Gurney, 1994; Bruijn et al., 1997 Bruijn et al., , 1998 .
SOD1 is copper-and zinc-containing enzyme, and copper is a toxic as well as essential cofactor. Copper chaperone for SOD1 (CCS), a cytoplasmic copper
